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(57) Abstract 

A catheter comprbes a catheter boffy *( m havins 8 proximal end. a distal end, a^^^^^^^y^*"^^^^ 
the distal end <I2). The electrode array l««:ludes a plural&y of isolated elcarode «'^'»''««* 

common elcctide (16) are connected to . high frequency power supply (32) and the comnrKm ^^^J^*> ^^j*^*^ 
on the catheter, oiav In: secured separately lo a patient's skin, or may be formed as part of a movable 8«»^'«- 
^al^iJtSTeie^ locat^n in the palieafs body, the ^n^iot. "^f^^^ir^^; 

with the cun^it density beii/Sntacted at the points of contact between the electable ^^i^^^'^^Z 
stenotic material. F6r «am(rife. by positiomng tbk common electrode wtibin a stenotic re^o and contacUij L^!^ 
^rfece of the stenotic repoTiith t^electr^ array, the stentilic material can be heated by applymg » 
voH^ between the eleorodc array and the common electrode: The stenotic repon can thus recanalaed by advancing tne 
distal end of the catheter body ihroueh the heaail stenotic roateriaL 
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yypg n MID XPPARATOB VOU ADVANGTW CATHCTERS 



1^ Piiild Of t lia iBventloB 

10 The present invention relates generally to the 

constzrtaction and use of catheters for interventional and 
diagnostic procedures. In particular, the present 
invention relates to methods and apparatus for advancing 
cat;het:ersf through restrictioM^ occlusions within body 

15 lumens and cavities. 

Atherosclerosis is a f orin of arteriosclerosis 
tdiich is characterized by irregulsurly distributed 
deposits on th^ vails of a patient's arteries. Such 
deposits f^^tcpaentiy l^ite and cialcif y over time, 

20 seriously cdi^xrpmistn^ the patient's health. 

A number of catheter-based approaches have been 
dwloped for diagnosing a^ 

other forms of arteriosclerosis, llje most common 
int^entipnal tedtmique for atherosclerosis is 

?5 ballC)Oii a^^ ballobn-ti|>ped catheter is 

introduced to thp vascular system, and the balloon 
expanded witbin a rf^ion of stenosis. Other 
intexrwwtional t^^ include atherectomy, irtiere, for 

example, a catheter having a cup-shiped rotating cutter 

3p is inttroduced to the vascular system and used to severe 

and capture at least a port^ of the stenotic material. 
OUier interventional techniques include laser ablation, 
mechanical abrasion, chemical dissolution, and the like. 
QatJleter-based diagnose techniques include ultrasonic 

35 imaging where an ultrasonic transducer disposed at the 

distal end of a vascular catheter is introduced to the 
region of stenosis . 
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With most of th se techniques, it is necessary 
to advance tie distal end of the catheter at least partly 
through the stenosed region before the interventional or 
diagnostic procedure can be commenced. While such 
initial advancement is often not a problem, it can be 
very problematic when the occlusion is severe and little 
or no lumen remains to receive the catheter. Under such 
circumstances, it is necessary to at least partly 
recanalize the occlusion before the catheter procedure 
can begin. 

A number of methods for recanalizing severe 
occlus;ions have been prbiposi^, includihg the use of hot- 
tipped catheters, laser catheters, ajtd drill- tipped 
catheters. In general, these approaches rely on very 
aggressive treatment of tiie steriotici material to open;, up 
a passage, where such aggressive techniques can expose 
the blood vessel wall to significant injury, for ^ample, 
vessel perforation, th^ risk of ihjtiry is exacerbated by 
the jtinranstxaihed p^th irhich the cathetex can follow. 

An improved iiechhiijpie for advancing an 
angioplasty catheter into ihd optionally through a severe 
occlusions is described in U^S. Patent Hb. 4,998,933 (the 
entire disclosure of which is hereby incorporated herein 
by reference) , which ha is common inventorship with the 
present application. A first ^^^^^ disposed at or 

near the distal tip of the angioplasity catheter and a 
second electrode is provided on aii electrically 
conductive guidewire. After the gui^aiew is at least 
partly advainced into a stenotic material; a high 
frequency voltage can be applied between the guidewire 
electrode and the catheter tip electrbde in order to 
generate heat within the stenotic material lying between 
said electrodes. As the stenotic material is heated, it 
is softened, thereby allowing easier kdvancement of the 
angibplM*y cathfe 

Although a substaoitial improvement in the art, 
the catheter described in U.S. Patent No. 4,998,933 can 
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cause unwanted shorting of electrical energy by the blood 
and blood vessel wall during the application of the high 
frequency voltage. The catheter employs a single 
discrete electrode at its distal tip. So long as the tip 
5 electrode fully contacts the stenotic material, the 

induced heat ^111 be substantially limited to the 
stenotic material. If a portion (or all) of the 
electrode is exposed to the blood vessel wall and/ or 
" bloody however, current will begin: to flow through the 

10 blood vessel tissue and/ or blood, causing the undesired 

shorting b# electrical\ Moreover, since both the 

blood vessel wall and the blood have higher electrical 
conductivities than the stenotic material, they will 
carry the current in preference^ to- the stenotic material , 

XS . Fbr these reasons, it would be ^desirable to 

^ provide in^t'dVed apparatust^ani methods for advancing 

vaschll^a'^^Ga^^eters> past severe 6 in blood 

vess^ls^^^nd-^ In particular, it would 

hB'^^siit type 

20 descnrib^ ^ BfvS. Patent No. 4,998,933, where the 

cdtheter ifibrB selectively heats the atheromatous 
mat^iil* It would be further desirable if such 
catheters were able to discriminate between the 
ath'erdlmatous Bkass and the blood vessel jrfall 
^ 25 (preferentially heating and ablating the former) so that 

the catheter Would selectively pass through the atheroma 
as the catheter is advanced through the lumen of the 
blood Vessel. The catheters and methods of the present 
invention should be compatible with a wide variety of 
- 30 interventional and diagnostic devices, particularly being 

coB^atible with angioplasty catheters, 
^r*- . 2> Deaeription of the Bae karound Art 

U.S. Patent Ho. 4,99a,933, is described above- 
European Patent Publication 182 689 and U.S. Patent No. 

35 4,754,752 describe angioplasty balloon catheters having 

means for internally heating the balloons. A "hot tip** 
catheter having a metal tip heated by a laser is 
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described in CimJberlant et al. (1986) Lancet i: 1457- 
1459. U.S. Patiisnt No. 4/654,024, describes . a catheter 
bavihg an electrically heated tip for melting atheroma. _ 
U.S. Patent No. 4,796,622, describes a catheter having a 
5- tip Arttich is heated by an exothermic reaction. A 

catheter having a high speed rotating abrasive element at 
its distal tip is described in U.S. Patent No. 4,857,046. 
U.S. Patent No. 4,709,698, describes the placement of 
electrode pairs on the surface of a dilatation balloon to 
10 - : heat atheroma as the baXloon is expanded. 

pfffOf^v oy TOE CTVEiroiOM 
The present invention provides apparatus and 
methods for localized heating of target locations within 
a patient •s body , such as atheromatous mass in blood 
15 vessels, tissue, and the like. The method and apparatus 

are particularly useful for adva;ncing a catheter through 
an occluded region in a blood vessel or other body lumen, 
mor« particularly through stenotic regions in blood 
vess^l^ ^ch are fully or almost fully jK»luded^^^^^^ 
20 stenotic matiartal. catheter apparatus acccarding to the 

present invention include a cathetM- body having a 
proximal end, a distal end, and an electrpde array 
disposed near the distal end. The^ eleGli^iDde array 
includes a plurality of isolated elecferode: terminals 
25 . typically forming the distal tip of the catheter. A 
common electrode is provided and cpntacted with the 
patient's body to complete an electrically conductive 
path with thia electxode array. The mmmon eXectrode may 
be disposed on the catheter body proximally of the 
30 electrode array, or may be disposed distally of the 

electrode array, typically on or as part of: a movable 
guidewi^e. As a third alternative, ; the common elecrrode 
may be provided as a discrete member which can be 
attached externally to the patient's skin. In each case, 
35 heating of the stenotic or other occluding material or 

high resistance tissue can be achieved by contacting the 
electrode array with the target location, e^g^ , a leading 
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portion of the stenotic material. By then applying high 
frequency voltage between the electrode array and the 
CLUBUOn electrode, heating of the target location will 
result. 

5 According to a particular aspect of the present 

invention, heating is directed primarily to the target 
location by limiting the current flow through each 
electrode terminal in the electrode array. In this way> 
more power is applied to the hijgfh resistance (low 

10 conductivity) tissue or stenotic mate3?ial relative to the 

low resistance (high conductivity) blood and blood vessel 
wall. Current flow may be ll?i^t:ed by active or passive 
devices, with an exemplary system employing a pliirality 
of current; limiting^ resistors, current 

15 limiting resistor in series, with, each . electrode terminal. 

The catheter of the present invention, may be 
iisedU alone -in. order ^^^^ location e.g., to, 

recaiu^lize. a.:i.stenQtlCr^^^^^ blood vessel. 

Optionally^^. tbe^^c&theter. may^: be ^t|sed., in^cpmbination wAth. 

20 other- interventional or diagnpstic-de.vices, - in orderf ,to , . 

provide a multiple step treatment amd/ or diagnostic 
procedure. In particular, it will be possible to provide 
the electrode array of the present i_nvejfition in 
combination with or at the distal end of catheters which 

25 es^loy other interventional 2U)d/oir diagono^ttic elements, 

such as.dilatation balloons, lasers, ultrasonic 
transducers, and the like. By employing cratheters having 
such additional. capabilities, the need to exchange 
catheters is reduced or eliminated. 

30 A particular advantage of catheters constructed 

in accordance with the principles of the present 
invention is that they can be *s^lf -guiding" when 
introduced through a blood vessel. Since the elecrrode 
aunray heats atheromatous material, in prefejcrence to the 

35 blood vessel wall, the catheter, can = be ^advanced without 

substantial concern over damage to the blood vessel wall. 
That is, the path of the catheter will be preferentially 
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through the ath^bka; niecessarily limiting tfanage to the 
blood vessel wall. 

Otoe catheter of the presMit invention vill 
preferably include a teaperature measuring or sensing 
eieneht near its distal tip, preferably within the 
electrode array, in oWer to measure the temperature at 
the interface between the electrode array and the tissue 
or stenotic isatetial being treated^ More preferably, a 
plurality of taeperature measuring elements will be 
distfiboted through the electrode array in. order to 
- deteriBine the temperature prof iie of the interface. 
5s Teiperatnre information obtained from the temperature 
^meastitinr elein^ts can he used to control the power 
output to the eliBctrod<BS in order to control the 
15 tonperature of the stenotic material within a desired 

ranges ■ - 

1 is a perspective view of a cathet^ 

system cbtts^ accordance with the principles of 

20 the present invention, where tbecatheter includes a 

dilatation ballbCin. 

Fig. 2 is eui enlarged View o« ' the distal end of 

the catheiter of Fig. 1, shown in- section. 

Pig. a is an end view of the distal tip of the 

25" ^theter of Figs, l and 2. 

Figs. 4-^8 illustrate the use of the catheter of 

Pigs. l-r3 in the recanaliration of a steiK>s«i region 

VitMn a blood vessel according to the method of the 

present invention. 
30 Fig. 9 is a schematic illustration of a current 

liitaitihg power Supply useful as part of the catheter 

Systeiii of the" present invention. 

Figi 10 is a second embodiment Of a catheter 

gyst^ constructed in accordance with the principles of 
35 the present invention. 

ylg. 1,1 illustrates use of the .icatheter 6t 

Fig. 10 in the recanalizatibn Of a stenosed region within 
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a blood vessel according to the method of th present 
invent! n. 

Fig* 12 illustrates a third eobodisient of a 
catheter constructed in a^ccordance with; the. principles of 
the present invention in combination with an anchoring 
catheter sheath. 

Fig* 13 illustrates the use of the catheter and 
catl^eter sheath of Pig* 12 in the recant 14,9j^t ion of a 
stenosed. region within a blood vessel accox^ing to the 
method of the, present invention* v 

DBBCRICTIOK OF THB PREFBREgP EMBODIMroT 
This invention provides a method and apparatus 
for; selectively heating, a target loqat ion within a 
patient\s body ^ such as solid tissuet, a body, limen, or 
the .liJce> particularly including atheromatous 
which partially or fully occludes a blood vessel or other 
body lumen. In addition to. blood .yessels->, :body< lumens 
which may be treated by the -i^ethod and apparatus of the 
, present invention- included the urimury. ti^apt (which for 
example; u aji enlarged prpstrate in 

, j^^^es) ,^ tiie fallopism: tubes (which may be ppfs^luded and 
Mxise iiif«:tilJ±y.> ,./-a^ iiJce^. For canvqgcii^ce> the 

rem^iiiijig disclose will be directed; specif Ically at the 
; treatment of blood vcLSsels but it will be appreciated 
. that the apparatus and methods can be applied equally 
. well to other body lumens zmd pas^ges* 

The stenotic material in blood yes^^els will be 
atheroma or atheromajtous. plague, and may be relatively 
soft (fresh) or may be in advance stages; of 
atherosclerosis and hardened* The present invention udes 
(^.electrode anray inc plurality of independently 

controlled electrodes distributed over the distal portion 
of a catheter to apply heat selectively to the stenotic 
material while limiting the unwanted; heating of the blood 
HBAd/or surrounding vessel wall. Sinpe the. atheromatous 
mass in the occluded blood vessel is preferentially 
'heated and softened relative to the vessel wall, the path 
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of the advancing catheter tip will bfe naturailly confined 
in th lumen, away from the blood vessel w^il. The 
electrode array will usually include at least two 
elec^i^e terminals, liore usually at least 2d electrode 
5 terminals, and preferably at least: 36 elfectrode 

terminals, or more. As a result, the stenotic material 

- is selectively sibftened, or weakened; permitting 
advancement of the catiieter tb rfecanalize the: blood 

= vessel limeri. Accordingly , this invention jirovides a 

10 method and appeu^tui for effectively - penetrating a 

paitiJOly ibt totally bccluded hltwd-vessel by 

s^Bultiirf^dusly applying both (1) heSt to the stenotic 

Arterial Surrounding the tip of the (2) 

pressure against the heated stenotic- material using the 

15' bathete# itself . Gptionally , subsequent recanalizationn 

prtocedures- may be performed using elthet the same or a 

different catheter. 

The prbsent invention includes a means fbf^^ 

guiding thei catheter along a pathway apEMroxiiaating ^^e 
20 central r^ibn of the occlud^ blood ve^eli 

means is usually an electi^ieilly conducting wiire that 
contains or served as a common elcetrbde for the heating 
i; . meai^. the guiding means is extensible from the tip of 

: - the ca^^ ahd is locate witiiin and concentric to the 
25 catheter conveniently being in the form of a movable or 

fixed guidewire, usually being a movable guidewire. The 
electrode ^akxay is diispbsed proximally to the common 
electrode and positioned 6n> or hear the tip of the 
catheter-^ ' 

^0 Each individual electrode ih^^t^ 

- eiectriirally inisulated froin all other electarodes in the 
array end is cbriheerted to its owri" power source or 
cOAheetioh- \rtiicte limits or intenhrpts current flow to the 
electrode When low resistivity material (e.g^ blood) 

35 causes lower resistance path between the coiBmon 

electa^bde said the individual electtbde. -nie tip of the 
catheter is thus ccnsposed of many independent electrode 
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^ . . teziiUJials designed to deliver electrical energy in the 
. vicinity of the tip.. The selective heating of the 
stenotic material is achieved by connecting each 
individual electrode terminal and the common i^lectrode 
(e.g.. on a guidevire) to an independent power source, . 

- , which may. be a- substantially constant ciirrent power 
sourqe. Tbe application of high frequency voltage 

^ bjetween the: common electrode and the electrcs^e array 
results in the conduction of high frequency ^current from 
each, individual electrode, terminal to the said' comBion 
.. electrode. The crurrent flow from each individual. 
: :;Qlec1trpde terminal to the ccnamon electrode is controlled 

- by. either, active or passive means, or a combination 
thereof, to selectively heat the stenotic material while 
minimizing the: undesirable heatang of the blopd or the ; 

- . -vessel; wall*. V 

>. : ,.Mjis invention: .takes, .advantage, of ,.thet 
d^£j^^encesK..^in> elec^ between the 

stenQjtio^^^ blood 
yy.(^BelL^.mll-^ By yay o£ example,; for juiy- s^^^ 
o;f applied yoltage, if the electrical conduction path 
between the common electrode (e^g. guidewire)..^and one of 
> the individual electrode terminals within the. electrode 
^aCTay is blo^ or blood vess^tl wall (-each haying a 
Relatively low: electrical resistiApLty) ^ said current 
control means connected to in<^iyidual elec^ode will 
li^jit c^ flow so that the heatihg of intervening 

blood or blood vessel wall is Biinimized* In contrast, if 
.^e electrical conduction path between the pommon 
elf^crtrode and one of the indiividual electrode terminals 
witjiin the electrode array is atheromatous mass (having a 
relat-ively higher electrical resistivity) , said current 
.contxol means connected to said individual electrode will 
alloy current flow sufficient for the heating and 
subsequent thermal softening or weatkening of the 
. . intermediate atheromatous mass. 
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The application of a high frequency voltage 
between the coiaiion electrode and the electrode array for 
approi>riate intervals of time substantially weakens the 
' selectively heated atheromatous miss, allowing the 
5 catheter to piehetrate and pa^is tharough the obstruction, 

thu^ recanalizihg the blood vessel- Once thci partially 
or fuily occluded blood vesseti has been opened to allow 
pas&age of the catheter, the catheter caii be advanced to 
pbsttibn a dilatation balloon {or other ihtervientional or 

10 diagnostic eldttehty w^ 

dilatation balloon can then be used for angioplasty 
trWatmeht in a substantially conventional manner. 

Direct (ijouliah) heating of the stenotic 
material, by conduction of high frequency curreiit softens 

15 the material over a distribute^d region. The volume of > 

this distributed region is precisely controlled by the 
geometrical separation between the common electrode (e.^. 
the ^idewire) and the eleCrtrode array . The rate of • 
heating of the stenotic material is controlled by ttte 

20 applied voltage l^vel. The ufee of high f reqiii^cy current 

f or Sbuiiart heatihg also minimize^s induced stimulation of 
muscle ti^siie or nerve tissue in the vicinity of the mass 
being heated. In addition; high frequtencies minimize the 
risk of interfering with the niatural pacing of the heart 

25 in circumstance^^ ^^e^ t^^ catheter of the present 

invention is used in the cordnzuY arteries. 

* The power applied td^t^ electrode and 

the electrode array will be at high frequency; typically 
between abbUt 50 kHz and 2 MHz, usually being between 

30 about iOO kHz and 1 MHz, and preferably being between 

abbut 200 kHz and 400 kHz. The voltage applied will 
tlsiially be ill the range ftxm about two volts to 100 
volts, preferably being in the rnnga from abbut five 
volts to 90 volts, and moire preferaJaly being in the zrauige 

35 from about seven volt^ to 70 volts. Usually, the voltage 

applied will be adjustable, frequently in response to a 
temperature controller which maintains a desired 
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temperature at the interface betv en the electrode array 
and the stenotic material. The dfesired temperature at 
the ilit:iir£ace" between tlie electrode array and the 
stenotic material Will uikualiy b^' in the rarige from about 
5 38»C to 100»C/ more xisually firom about 38»C to 80«C, and 

preferably from about 40*^c to 70»C. 

A particulair advantagre of €h€i present invention 
is that the heating meems cah be cbnf i^T&r^ to a wide 
range of caftheter i^izes ajipropi^^ particular 

10 sizd of the bccliided blood vessel br other Ikidy lumen or 

cavity being irecanalizid; typically ih the range of 
di^et^s from 6.04 td 0*4 iificfctti/ The present invention 
caxi also incorporate a i^ldfewi^e which can function as 
both iearis for controlling and' the path of the 

15 c^thetejf in the cbnVentxbnai iiMhcr, as well as to 

concentrate the ttieraal p^ 

into th4 ^teribtic material by serving as the common^ 
4iecti:cKi€t,-- " ■ ■ 

^ Thbvjjr^ef erxe^p^^ sburce of the present 

20 il^entibn^cirt dWxivcii- a high^iir^^ voltage selectable 

to generate power levels rangih^ firom seVcrai milliwatts 
to 50 watts, iiepehding on thd Site 6f the stenotic 
material l)eihg beeited, the sizia bf the blc^ vessel being 
recanalized, and the rate of aivahciement bf the heating 

25 means throiugh lbie stM source 

alliWs the ustdr to select the vbltage level according to 
the sp€tc:itic regtiirements of a particular angioplasty or 
othier prbc6^dure. 

The power source will be ciirrfeht lilnited or 

30 bth^twise cbntirblled iso thali tihdesired heating of blood, 

blocid vessel wall, and bthei^ low electrical resistance 
materials does hot occur • In the ^atemplary ejnbodiment 
dekcribed belbi?; liititing resistors are placed in 

s^ies with ekch Independent cslectrbde where the 

35 resistor is 'siz^d' to pirbvide an at leiast equal, and 

preferably ^isati^V rietsistahce than ^ould normally be 
provided by the stenotic material • Thus , the electrode 
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. sees a substantially c nstant current source so that 
power dissipation throuigh a 1 w resi^staiice path, e.g. 
blood, will be substantially dimijol 

Asf an alternative to the current limiting 
5 resistors, a controlled. powei: supply may be provided 

whiqh. interrupts the current flow to an individual 
electrta^e in the array when the resistance between that 
electrcxle aiid t^e comiaon electxode falls below a 
threshpld level. The control could be implemented by 

10 placing a switch in series with each electrode, ^ere the 

OTitxih i^ turnedl^ off based on the seiised current 

?low through th^ electrode, i.e. when the current flow 
^ceeds a preselected limit, the switch would be turned 
off. The ciprrent limit cojald be selectable Irjr the user 

15 and preferably yottld be preset at the time pf manufacture 

of the powey Source. Current flow cpul4 be periodically 
sensed and reestablished when the stenotic material 
resistance is again piresent. Particular control system 
deaigiits f oi^; i^^l^aent W 1^ are well witi^n 

20 the skill in art. 

In ap ^ exemplary embodiment as shcfwn^ in 
Figiire l, a cathetftr IP includes a ^dcwire l^^ which 
functions both as a means for guiding the catheter into 
ttie intended position , as well as a ccnuDop electrode . 

25 The entixe guidewir^ may be an electrode> or it may 

qcmtain an electrode. ReCeri^ 1 and 2, the 

catheter 10 also includes an array of electeode 
terminals 18 disposed on the distal tip 12 of the 
catheter 10. T^b e>.ectrode tej»ina3^ 18 are electrically 

30 isolated from each other and from th^ cqmifon electrode 

16. ProxiB»lly from the ti^^ 12, the catheter. 10 includes 
V a conventional ciilatatipn (a^^gipplasty) bal^^oon 20 

generally concentric with tl^e shgift of the catheter 10. 
Still referring to Figures 1 and 2, each of the terminals 

35 18 is connected to the impedaxice m a t c h i n g[ netororX 22 by 

means of the individually insulated conductoirs 52. The 
proximal portion of the catheter 10 is also equipped with 
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the f luid port 24 conmunicating with balloon 20. The 
guidevire is axially movable in. an electrically 
insulating guidewire Itnaen tube 46, said limen tube 46 
being contained in, and concentric to, the catheter 10. 
5 The proieinal end 42 of the guidewire is sealed against 

fluid leaks »v a fluid seal 28, The proximal portion of 
- the i:»theter 10 also has a connector 26 fojc providing the 
, electrical collections to the matching network 22 . 

A power source 32 provides a high frequency 
10 voltage to the electrode terjoinaj,? 18 by means of a ca>>^e 

38, copnectable to the co|j^^ The. poye^^^ 32 

has, a controller 34 to ^hange the applied voltage level 
as well as a selector 36 for selj^ction of the highest 
.taq>erature at the tip 12 of the cath^t<^ 10 during its 
15= , use, as explaihed latex. Finally,, .the picQxi^l portion 
- - , of the guidewire electrode 42 is ,coipe<?t^ power. 

source 32 -by a detach^ 

^ In the ^"^^^"'M^fc^ghown dLn, Figures 1, 2, and 3, 
teBperaturefj^ienj^^ Aa^^^^^ 4^§tal tip 12 

20 of: the <^thet«rlO» 

chr<n»l and alumel) . said temperature sensors 48 and 
connected ;to„t*e\pow thermocouple wires 50 

, extendiBg the lengt^i of the catheter 10 and ^ the cable 
. 3fif eo^ected through the connector 26. W»e temperature 
25 sensors 48 at t^e ; ^i^t-l^ of the cathet«: 10 are connected 

to a feedback control system in power spurpe 32 to adjust 
the power output so that the user , selectable ta^erature 
is not exceeded diiring the use of the ca^^t^ in 
recanalizatipn of an occluded blood vefi|sel. Power output 
30 , could be controlled by any <»ny^^?'**^ technique^ such 
as.control of voltage, current^ duty cycle, or the like. 
The selectable temperature is selected 1^ user by 
^ adjustijng selector 36 provided in the power ^ource 32. 

Referring to Figure 2, tJ»e distal 1^^^ 12 of the 
35 catheter 10 of the preferred embcKiiment cpnt^ins the 

eaqwsed terminals Qf the electrode terminals 18 and the 
, temperature sensors 48. The terminals 18 and temperature 
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sensor^ 48 are secnired in a iiatrix of sultitole insulating 
inkterial le.g. epojcy) 54 and formed in a generaUy 
tapered or heiisphiericar shape, pref^bly being a 
cereal or "nose cbne- configuration- Piroxijaal to the 
tapered tip ii, th^ tenperature sensor wires 50 and 
electrodes vi^es 52 are contained in a! jacket 44 of 
c^lifidrical Shape covering the length of the catheter 10. 

AH end vi:6w of the catheter 10 at the tip 12 is 
illustrated in Figure 3. Referring to Figures 2 and 3, 
electrode terminal^ 18 are electrically ihsuiatted from 
each otiier arid from t&i^eritoire sieissors 4a> aisd are 
secured tbgetS^ in a Ijuridie by the electrically 
insulating liat^tial ^4. Prcacimal to the tip 12, the 
theriiio«iibiipl6 wires 50 and eleictrode wires 52^ are 
15 (iohtained in a ^liitkble jadket 44 of cylindrical shape>l 

cov^in^ the length 6t the cathet^ 10. Ihe central 
portion of the catheter 10 contain^ the electeically 
insulatiii^ guidewire luken tube 46 Which provides a^iluaen 
f oi* the ^d^«ire 16. The distil iBrid of the said ttibe 46 
20 c^tionilly ext^ehds beyond the tip pirovide a tip * 

offset 14: The intended purpose of said tip of f set 14 is 
td prbvide a minintim separation between tha feaid common 
electrode oh giiidewirei i6 arid array of electrodes 18, 
usually being at l^t 0. Oi incbes, mbf e usually being at 
25 least 0.15 iriOheS, sirid sometiiiiei bein? 0-2S inches or 

greats. 

Figure 4 illustrates how the cathieter 10 can be 
applied to r«:analiz^ a blood vessel 56 occluded with an 
atherc^tous plaque 58. in this casev the guidewire 16 

30 is f irst advanced 1:o the site of the atheromatous plaque 

ie, arid the dathetfer 10 is then moved over the guidewire 
16 to contact a leading edge Of the plaque. Next, the 

guideWire 16 is advariced through the plaique 58 under 
fluoroscopic gxiidanOe, exposing^ a length 60 of the 
35 ^dewire \diich' is ilcctrioally condurt 

Referting next to Figurtt 5, the distal tip 12 
of the catheter 10 osmprising the array of electrode 
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terminals 18 is iirged against the atheromatous plaque 58* 
A high frequency voltage is appli d between the comaon 
electrode on guidevire 16 and each of the electrode 
terminals 18* The resulting electrical current flows 
between the said costnon electrode 16 and . the electrode 
terminals 18 through the atheromatous plaque 58, as 
illustrated rby current f lux lines 62. Due to the 
electrical resistance of the- atheromatous - plague 58 - the 
localized current flow heats the plaque 58 in a zone 64. 
The localized heating is adjusted by varying the level 
euu3irs.duratji,pn . of 1^ high frequency.., voltage* ^ 

The. tip offset 14 maintains a minimum distance 
between the . electrode 18 and the common electrode 
(guidevire) 16. The zone of -heating 64 within the plaque 
is de;f iiied; hy the boundary o f/, the ; current, fliix 1 
. , 62« The ath^omatQUS: plaque material softens in the 
heatie4 rone- 64;>^ whlchv facilitate:^ 

adyai|<5ement;,.of, Athfi: cathetei:^^^^ heated 
zonev^: SMd- wpye^ effects. I^e 

di^lacementr of the plaque^^^^^^ thereby^: recanali^^ing 

(creating an .c^>ening through) the previously^ occluded 
v, v .b^^ vessel 56> , The catheter 10 is advanced through the 
softened plaque until a. channel is created in the 

: Q !nie catheter , 10 is. withdrawn leaving a 

vessel recanalx^s^^ allowing an, i^^rovedv f low of blood^ 
therethrough. ; :vv. ; 

. After catheter. 10 has been advanced through 
; ^ -the heated plaque, if ^^nece^8ery> the balloon: 20 can be 
inflated with ..appropriate fluid to appropriate pressures 
to etf feet conventional ax^ioplasty. 

The^e are situations where a guidewire cannot 

:be ,qp]Dplet:ely advanced across a stenosed region 58, as 
illustrated in Figure. 6* In such cases, the, common 
electrode (guidewire) 16 is partially penetrated into the 
atheromatous plaque 58/ .to the extent possible. The . 
array of electrodes, 18 is contacted against the wall of 
plaque 58 * , and the tip offset 14 creates a minimum 
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spacing be^eeh t:he conunon elccrcrode 16 and the, elecrrode 
array so that some heating of plaque will occur. The 
catheter 10 and the common ielectrdde 16 can then be 
alterhately advanced until a channel is ct^ated through 
5 ' the entire region of plaque 58'. Once agaihv 

conventional balloon angioplasty can be performed once 
the balloon 20, in its deflated position, has been 
advanced aciross the -plaque 58 • - 

A central aspect of the present invention is 
10 the ability of the catheter 10 to deliver electrical 

energy effectively only to the intended areas, i.e. the 
atheromatous xaaterial, and not to the blood or the blood 
vessel. Such directed energy transfer results in 
selective heating of the atheromatous material which 
15 allows the catheter to be "self^-giiiding" as described- 

above. When the tip 12 of the catheter 10 is pressed^ 
against a region of $tenotie material, some of the 
electrode terminals 18 will be in contact with atl^^oma , 
imile other electrode terminals may be in eohtact ^^ith 
20 blbod> and yef: others may be in contacit with the blood 

vessel wall, oaiese situations are illustrated in Figures 
7 tod 8. Each of the electrode terminals 18 experiences 
an electrical iiBpedanc6 which is characteristic of the 
material ^ich is disikj^ed between the individ^^ 
25 electrode terminal auid the common electrode i The present 

invention takes advantage of the fact that the electrical 
resistivity or typical atherdma is higher than that of 
blood or blbod vessel wall. Thus^ if the current passing 
throii^ each of the electrode term^ is limited to 

30 a substantially constant value, the regions of higher 

electrical resistivity will generate more Joulian heating 
(pbWer « I^Rr where I is' the current through resist^ce 
R) than a region of lower electrical resistivity. 
Oiieref ore, the atheromatous plaque of the stenotic region 
35 will be selectively heated up while the blood and blood 

vessel wall will eacperiience a minii t iaT rise in 
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te8ii>er^ture. Thus, the catheter will selectively advance 
through the atheroma which has been heated and softened. 

; - The heating selectivity of the present 

ihVehtion is accomplished lay selecting the electrical 
5 r^istance of the various components which coa^rise this 

pathway of the electrical current 62 between the common 
electrode (guidewire) 16 and each of the electrode 
terminals 18 in the electrode aanray located at the tip 12 
' of the catheter 10. By way of exaa^le, the electrical 

ii> reisistivity of blocki at body temperature is in the range 

• from i48 to 176 GhmHsm at a frequency up to 1^0 JcHz 

(Geddes et aiv (1967) /fed. Biol. -Eng. 5:271-293). The 
electrical resistivity of human cardiac and skeletal 
muscle (which approximates the structture: of the blood 
15 vessel wall) is in the rancfe: of lioa to 456 Ohm-cm at 

frequencies in the range 100 to lOOO kHz:.: ^{Geddes et al. 
(1967) , supra) i. 

■ In contJi'atsltv atfcf^ 
resi^iibres; fat-liXei.^dtk>sti.^te$and.:co 

20 lipicte, and lipidophages. Basfed on its primarily fat-r 

like composition/ the atheromatous mass has a relatively 
high electrical resistivity as compared with : blood. The 
electrical resistivity of fat-^like substances in human 
- h^s been reported in the rangie of 1,000 to 3>p00 Ohm-cm 

is at f ifeujuencies raihging from lOO to l , boo kHz (GedA^s et 

ai. j (1967) ; sTipra) i This invention utilizes the 
inherent two to ten fold difference in electrical 
resistivities to selectively heat the atheromatous plaque 
in a blood vessel. 

JD r V Each of the electrode terminals 18 is connected 

to an individual source of current by means of wires 52 . 
A current limiting network providing the controlled or 
constant current, as described above ^ is contained in a 
junction box 22. The nietwork can be composed of either 

35 active or passive electronici can^onents to perform its 

intended function. By way of example, ajid not intending 
to limit the scope and spirit of this invention, a 
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=net»orX ccnnpos^d of passive circuit elenente, i.e. 
resistcvr^, is illustrated in Fig^ 9. Referring to 
Figs . 1, 2r and 9 / a : constant current netvprk 22 consists 
of a multiplicity of resistors 72 vhich are same in 
5 nuober as the electrode terminals 18. Each resistor is 

connected between a power sourcet 32 (by the connector 26 
and cable 38) and the corresponding electrode terminal 18 
(hy irfxe 52) i The current will be maintained 
substantially constant so long as each resistor impedance 
10 is sufficiw^ly higher than the load impcKlance. Suitable 

resistor values will be in the range from 5oa n to 
5X),000 n, usually being in tJie range from 1,000 n to 
25^000 preiferably being in the raiwe from 3,000 n to 
15,000 it^ 

15 - Still refei^ring ta Figs. 1 suwi 9, each 

electrode terminal 18 is ctonnccted to a load represented 
by the atheroma, blood, or blood vessel wall>: More 
ss^cifically, the load impedance 74 of the atheroma^^is 
: designatMt- by Ar^>^e load iiqpedance 76 of blood is - 

20 denoted by B, and load impedance 78 of vessel wall is . 

denoted by W -respectively. As the ciarrent passes through 
these coB^onents, it is received by the common electrode 
(guidewire) 16 lAich is in turn coimected to the power 
source 32 by connee^r 30 and cable 40. The level of the 

25 current: flowing iJi. the cixcfuits ls^ c^ by the 

voltage, applied between the proximal end of the resistor 
network 22 and the common electrode -(guidewijre> 16. 

The expected power delivered to each of the 
loads (i.e. atheroma, blood, and vessel wall td.ssue) can 

30 be calculated based on exemplary values for the different 

parameters as \ enumerated below:: 

catheter diameter (5 French), p 1.66 mm 

number of Electrodes . Terminals 18, n . 60 

35 Size of the electrode 18 tip, d 0.004" dia. 

Resistance of the networ)t resistor 72, R 10,000 Ohms 
Impedance 74 of atheroma, A 3,000 Ohms 
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Isipedance 76 of; blood, B 200 Otais 

Impedance 78 of vessel wall, W 500 Ohms 

J^pj:4ed: voltage from source 32 W: - 40 Volts, RMS 

5. Calculated power dissipation per electrode in: 

Atheroma 2 ? milliwatts 

Blood 3 milliwatts 

Vessel Wall 7 milliwatts 

10 calculating power (if R) from the al^ the 

: pdwer dissipation in the athc^ppatp^ plaque is 
approximately .t^ times that in blood and four times that 
/:^ in blood vessel wall respect iyely- Taking into account 
V therhMtvcapaeities^faf^-v 
15 tessperature in t^e atberomat^ous plaque will, be 

considerably greater than in the bipod or blood vessel 

■ walLi--. -..^ ^. 

: u:;^.- The d^ired tempe^ture rise of th^ 

atheasematous; plaque^ tp.^^ e^ 

20 of thei order q^f vW to 60* . B^a^jed.pn the abbye v 

calculation, a 10* to ep^C increase in the t^perature of 
the atheromatous plague us jbog the apparatus and method of 
the present: invention will, result rise 
ofe blocKj t^perature in^^^^l^^ range of l^C to 6*0 caused by 

25 . the>current f lowing dijrectly i^ blood. 

. Once a suf f icient tempeiratur^ ; ^is® ^ 
accaiiq>ljL$hed in the atberopatous plaque^^^^ 
, stErength of the said mss siri^ reduced in the 

localized regipn suirromuiing the tip 12 of the catheter 

30 ^0 This aliows the catheter 10 to be advanced 

incrementally through the plaque by applying a 
Ipiigitudinal force on th^ portions, of ^he cat^ 10 
external to the patient. This f prce is transmitted along 
the length of the catheter 10 to the tip region 12 to 

35 create a HboriJig pressure^ sufficient to penetrate the 

plaque 58. As the blood vMsel wall is not equivalently 
heated or softened, the catheter will preferentially 



wo 93/15816 



PCrAJS?2/ll265 



20 

advanc through the plaque 58 following a path of its own 
creation* 

The method of eontfifolling^ the heating the 
thermally assisted angioplasty catheter of this invention 
5 can al^o be accdmpiisshed by teap^^ control 

mechanism. The temperature of the atheroma in contact 
•with the tip 12 is sensed by temperature sensing elements 
such as means of thermocouple pairs (Fig; 3 ) 48 . A 
feedback control loop contained in the power source 32 

16 allows the adjustment of the lieccssary voltage aK>lied so 

that the required tMperiture rise in the atheroma is 
acconftilish^. Conversely, by cdntinuousiy monitoring the 
temperature of the atheroma being heated ^ the appropriate 
Voltage level is continuously maintained suc^^ that the 

15 user-W4iectfed temperiature is hevisr escceededo ^ 

Whil6 the above description provides a full and 
complete disclosure of a preferred embodiment of tlte 
invention/ various modificaitions, alternative 
csm^liiictiOTs equivalents may be ^ti^yloyed. Far 

20 &3dijB^, the i^3fl&er coilld be cbmsmnlcated ^o the ^ 

electrodes by vlr'es imbedded in the catheteSr wall. Also, 
the tCTipefature Sensing may be achieved using fiber 
bptic^ with infrared dioasihg technique^ a thermocouple , a 
thraoistor or dtfier temperarure s&ifeing means. 

25 Alternatively , by propter selection of awttals used for 

(1) imiltiiilieity o^^ and leads (e.g. 

Cdnstantiaii) (e.g. steel) , each 

individual eledrtrode^ CM function as a thermocouple in 
injunction with the sirigu^^ The measurement 

30 df the direct current voltage between the giuLdewire and 

the ffliiitiplicity of electrodes indicates the maximum 
tenberature which occurs at amy location on the catheter 
tip. Miis information can then be Used in the feedback 
cohtrbl loop ai described above to assure an improved 

35 saf e u^per limit on ti»e operating remperature during the 

tise of th^ appiaratds of the present inventicm. 
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A more preferred embodiment of the catheter of 
this invention is shown in Fig. 10. In this embodiment ^ 
the catheter 80 is substantially similsu: in construction 
to that of Fig. 1,, except that a second electrode 82 is 
S>,^ provided for on the body 84 of the catheter shaft instead 

of the guidewire being the second electrpde. During use 
of the catl^eter 80 in therapy, this seconc| .^lectrode 82 
is intended to be in electrical contact v4-th the blood in 
the artery. The location of the second electrode 82 is 

10 shown to be near the proximal end of the catheter 80, ^but 

could ^ls9 be disposed, more, distally. 

Still rjBfe^ to Fig. 10, guidewixe 86 is 
connected to the current-limiting qircui;t^ in power 
source 94 in a . manner similar to the eljsictrical 

15 - , connection of :> tip electrpdes. 90- During.^use of the 
catheter $0 , tl^e guidewire 86. becomea .an additional 
electjTjOde^yypriwig^ i^ with the other tip 

electrode^. In this. ,emlxxiiment, no of f set between the 
guidewire 86. Mji-the^^ aixay 9,0 .i,i?. required. 

20 , Referring now to Fig i 11, tJie catlieter 80 is 

. adV2mce:d over the guidewire 86 to. the sextet qilE a total 
, occlusionr 88 in the artery 89. 1^^^ array 90 

and the guidewire 86 are connecte^d to the pqwer sotirce 94 
{jPlg.: 10) ,' Md the. second electrpde 82 is connected to an 

25 opposite polax^ the power soxirce. By 

applying power to :^e electrodes 90 an4 82, current flux 
-lines 92 are formed and distrib^ted in the occlusion 88. 
, The highest CMrrent dMsity. exists at the i^ediate 

vicinity of the tip electrode away . 90^ „ the^ producing 

30 r maximum heating of the atheroma in contact with the 

catheter tip. A return path for the electrical cmrrent 
from the tip electrodes - 90 to the second electrode 82 is 
defined through the blood in the blood. vessel, the blood 
vessel wall, and/ or the surrounding tissue. However, the 

35 current is most likely, to flow through the blood and 

blood vessel wall as these con^nents haiye much lower 
resistivity as cpmpar d to other body tissue. The second 
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elcctr de 82 is designed to be 1 ng with a large surface 
area to ensure low density of current flux lihies at said 

second electrode. 

As the current passes through, the temperature 

5 of the oiicluding material 88 is raised, thereby softening 

the cicciusion. The catheter 80 along thfe guidewire 86 is 
advanced through this softened atheitoiaa uhtil the vessel 
is recan^lzed. A final recanalizatiSh step can then be 
perfbraed by balloon dilatation or other cmrrently 

10 avaiiable therapeutic technigues i 

It is understood that the plaque in the total 
occlusions can 1». den&e and sdmewbat hard to push a 
catheter through even though it is heated^ In order to 
facilitate the mechanioal advancement of the catheter 

IS through the plaque, another eabodiaeht bf tHe catheter- 

system of the iiiresent invention is illustrated in Fig. 
12. The catheter 10 of Fig. 1 en: cathrter SO of Fig. 10 
is placed in a sheath catheter 96. The distal end. of the 
ghe^th cathfeter d6 includes one or a pltixrality of 

20 ea^andin^ means 58, «ich as iiffljatatole balloons. The 

projciiial end of the sheath cathetet 96 inbludes the 
t^idbatf hldod scaling means and bailbbri expanding 
potts. The ^haft of the sheath cathfetgr 96 includes the 
h^cessary luinen{s) for Mqpihding said baile(6n(s) 98. 

25 " The purpose of the sheath catheter 96 is to 

provide ^ ancihor for the main catiieter 10 or 80 while in 
Use. specifically referring tio Fig. i3 , the catheter 
^tem (comprising of the sheath catheter 96 and the main 
catheter 10 of 80) is advanced to the site of the 

30 occlusion 102 (Fig. 11) . The ballbon(s) 98 are inflated 

and the sheath catheter 96 is thus anchored in ^sition 
in ihe blood vessel proximate to the occlusion. The main 
catheter 10 or 80 is then advanced inside the sheath 
cathetei: 96 against the occlusion 102. The main catheter 

35 tip 90 is theh energized, and further advanced through 

the softened athefoaa. The sheath catheter 96 with 
inflated ballobn(s) 98 thu6 serves as ah anchoring means 
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assisting in the advancing of the main catheter 10 or 80 
through the occlusion 102. 

^ Although the foregoing invention has been 
descnribecl in dtetail for purposes of claurity of 
5 understanding, it will be obvious that certain 

- nodificatipn^.aay. tev practiced ,within the scope of the 
appended, jclaiBs* , , 
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irtAT la CT TiTftm tat 

1. v.A ck^eter systeia comprising: 

a catheter body having a proximal end and a 

5 * dfstal ehd; 

an electrode array disposed near the distal end 
of the catheter body, said array including a plurality of 
electrically isolated electrode terminals disposed over a 
contact surface; 
10 a common electrode; and 

means for applying a high frequency voltage 
between the electrode array and the common electrode, 
wherein current flow to each electrode terminal is 
individually controlled in response to changes in 
15 impedance between the electrode terminal and the common 

electrode. 

2. A catheter system as in claim 1, %merein 
the common electrode is disposed on the catheter body 

20 proxlmally of* the electrode array* - 

3. A catheter system as in claim 1, wherein 
the common electrode comprises a wire extending distally 
from the catheter body. 

25 

4. A catheter system as in claim 1, wherein 
the common electarode comprises means for external 
attachment to a patient's body. 

30 5. A catheter system as in claim 1, further 

comprising an interventional element disposed proximally 
of the electrode array oh the catheter body. 

6. A catheter system as in claim 5, wherein 
35 the interventional element comprises a dilatation 

balloon. 
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?• A catheter systeitt as in claim 1, ftirth r 
coBiprising means for measuring temperature disposed near 
the distal end of the catheter body. , 

5. 8. A catheter system as in claim 7, wherein 

the means for measuring^, temperature coo^rises a plurality 
of temperature sensing elements disposed within the 
electarode array. 

10 ?. A catheter- system as in claim'?, whereby 

th6 means for applying the hdl=gh frequency voltage 
comprises.'means .|pr cpntrollijig; the voltage, ha on the 
temperature sensed by the temperature sensing means* 

15.. . - 10 A; .catheter systeni^^^^^M^^ 1., further 

comprising means for individually limiting, current flow 
through each electrode terminal in order to control 

• .-■curr;^5rti:-.:flO«:.-.. .v.- •.-v-::^.::.-- h--- ;V:-:>j:: 

20 liv , A rcatheter ^ystemvas in^ claim 10, wherein 

the means for limiting- current flpw cpmp^ises a plurality 
of ciirrent limiting r^istpr& located within the caUieter 
body, with at least one resistor connected to each 
electsrode : terminal. - 

-25.... , , . .: 

12^?x A pathetex:. systeai : as . in claim 10 , wherein 
the xaeans for limiting current flow conqprises a pltirality 
: l>f curr^t J^^ located within the voltage 

applying means, wit)i at least one resistpr connected to 
30 each electrode terminal. 

V : I3> A catheter system as ijri . claim 1, wherein 
the contact - surface is a -topped ,sfurfac)e at the distal 
end of the catheter body. 
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14 . A catheter syst<»m as in claim 13, wherein 
the tapered surface is of nosecone configuration. 
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15. A eatheter coaprising: 

a catheter body having a proximal end, a distal 
endr and a guidevire lunen; 

an electrode array disposed near the distal end 
5 of the catheter body, said array including a plurality of 

isolated electrode terminals disposed over a contact 
surface; 

means for connecting the isolated electrode 
terminals to a high frequency power supply; and 
^5 a pluraii^ of current lild.ting resistors, with 

at least one r^istoSr connected in series between each 
electrode teon&inal sihd the powet supply. 

16. A catheter as in claim 15, wherein the 
15 current lifltiting resistors are disposed in the catheter 

body. ' 

17 . A catheter as in claim 15 , wherein the 
current limiting resistors are disposed in the high 

20 frequency poirer supply and a plurality of conductors ^are 

dis|k>s^ in tihe Catheter bbdy for connecting the 
resistors to the power stqiply. 

18. A catheter as til Claim 15, further 

25 comprising an interventional element disposed proacimally 

of the electrode array on the catheter body. 

19^ A cktheter as In claim 18> trtrerein the 
intervexitiohal element co^rises a dilatation balloon. 



30 



20. A catheter as in claim 18, further 
con^rising means for measuirihg ten^erature disposed near 
the distal Gind of the catheter body. 
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21. A catheter ats in claim 20, wherein the 
Beans for meisuring temperature coo^irises a plurality 



WOW/13816 PCT/US92/112d5 

27 

temperature sensing elements distributed within the 
electrode arri^y. 

22. A catheter as in claim 15^ further 
> . cc»q>rising a movable guidevire slidable disposed within 
the guidewire lumen^ wherein said guidewire is 
electrically isolated from the electrode array and 
includes a common electrode ^nd means for connecting the 
common electrode to a high frequency power supply, 

2 J. A catheto: as; i^ claim 15, further 
comprising a common electrode disposed on the catheter 
body proximally of the electrode array. 

J^^v 24. A catheter af^^^^^ the 

current limiting resicrtors have a resistance in the range 
from 500 n to 50,000 Q., 
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, ' A:,-f»the fe e r ^asv in claim 15, wherein the 

eieptroda array is. dispose^.; Q3fer.^^^:a 
di^al end of the catheter body . 

26. A catheter as in claim 25, %rtierein the 
tapered surface is of nosecone configuration. 



. 27r. A catheter, system conqprising 

a catheter guide havJUig. a proximaX end, a 
distal end, a lumen therethrough, and a common electrode 
disposed on an exterior distal surface; 

a catheter body disposed within the lumen of , 
the catheter guide, said catheter body having a proximal 
en4, a distal ^nd, and an electrode array disposed over a 
rontact stqrf £ipe at the distal epd, said electrode array 
including a plurality of electrically isolated electrode 
35 terminals; and 
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meaiis for individudily cbrtnecting the electrode 
terminals to a high frequency pover ^ply along isolated 
high iiapedance conductive paths; 

hereby the ccnnmon electrode and the electrode 
5 array may be connected to a high fr^ency power supply 

to efficiently deliver energy to a patient surface 
contactiEMi lay the electrode array airid electrically exposed 
to the' cdmsdn- electrode* 

xo 28. A catheter system as in claim 27, %rtiexfein 

the cathet^ guide cost^t^ises an iiif latable balloon 
disposed near its distal end. 

29. A catheter system as in claim 27, further 
15 cbaprisihg a guidewire received in a guidewire lumen in 

the catheter body, irti^Wln the guidfevire is electrically 
coupled to the electrode array. 

30. A ^thetfer system as in claim 27, vfifisrein 
20 the m^ains for 'coimect of current 

limiting resistors cjonhected iii parallel between the 
individual electrode terminals and a common pole of the 
poWer supply . 

25 31. A catheter systems as in -claim 30, wherein 

the current limiting resistors are disposed in the distal 
end of the cathtieteir body. 

32. A ci«ieter sysl^ wherein 
30 the contact ^liirf ace is tapered. 

33. A catheter system as in claim 32, wherein 
th^ tapered surface is of nbsecbn^^ bonf igii^ 

35 34. A method for applying energy to a surface 

in a body lumen, said method conprising: 
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contacting the patient with a common electrode; 
positioning the catheter within the body lumen 
so that an electrode array including a plurality of 
isolated electrode terminals contacts the surface; £md 
5.., applying high frequency voltage between the 

comnton c^tlectrode and , the electrode array, %rherein current 
f lov through each electrode teraiiial is individually 
controlled; 

hereby the surf ace is heated by the flow of' 
10. -current between .:i;ndividual electrode ter^minals which 

contact the.suz^ap^ and .the common electrode* 

35. A method as in claim 34, wherein the 
common electrpdet is contacted, as psurt of a guidewire. 

: 36.^ A method as i|ni, clai^ 37,^ w^ 
catheter is positioned over tiie. guidewire. 

.37.,;, J^ lAerein the 

20 , contton elect^^ 

38. A method as in cl^A^ 34,^^^ wherein the 
common electrode is disposed within the body lumen to 
form a conductive path through a fluid within the body 

25 lumen. 

39. A method as in claim 34, wherein the high 
frequency voltage is in the range from 50 XHr to 2 MHz 
and the voltage is in the range from two volts to 100 

30 volts. 

40. A method as in claim 34, further 
comprising measuring temperature at an interface between 
the electrode array and the surface region. 

35 
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41.' A'TOthod as in claiia 40, further 
con^risin^ f^oati lling the applied voltage based on the 
aeasuib^ interface teuiperature. ^ 

5 42. ii TOthod as ih daia 34, wherein the body 

ira^ ct^tisfeS a blobd vessel and the^urf ace is an 
occluded tegiiih coBiprising st^otic Bia 

iiiV A met&od ais in cia^ 42, further 
10 cai^ikiM^ advahding the 'catheter tlurough the bccluded 

regiwi' td f ort Sm' e^ i« the stenotic 

material. 

44. A iBfethbd as in clain 43; further 
15 comprising advancing an interventional elenent into the 

enlarged (^ehii^ and treating the occlusion with the 
interVeiitibxiai element. 

45i. A Kethbd ais in claim 44 , wherein the fi 

20' - ihtMrvehtibn^^ 

treating conprises expanding the balloon %rithin the 

enlarged openiiiig. 
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